Introduction
In a ~p.r.p.nt puhlir.ation (Tp.ferrp.d to as i) UJ1. the transport properties of the heavy rare gases were discussed and tables of the viscosity and thermal conductivity coefficients were presented. The correlation attempted to ensure that these two properties were mutually consistent for a given gas and were also consistent with other independent properties of the same gas. It was stressed that the correlation was weighted to favor the more recent viscosity 'data (i.e., reported since about 1968) which have been shown to be generally more reliable than corresponding older data.
In this paper the correlation procedure is extended to cover the transport properties of two nonpolar polyatomic gases, nitrogen and oxygen. Tabulated viscosity and thermal conductivity coefficients are presented for the temperature range 80-2000 K.
Data
We have. some remarks on the nitrogen and oxygen data but experimental techniques are not discussed_ References on experimental techniques are listed in l.
Viscosity
A conclusion from I was that the available rare gas viscosity data are generally satisfactory, for argon especially. The conclusion was supported by experi-llleJJtal algullleut~, e.g., by cumpal'jug n~~uh~ ubLaiued from different techniques-the oscillating disc, the I Numbers in brackets refer to the references. oscillating crystal and the capillary flow techniques, and by semi-theoretical arguments showing that the intermolecular potential function, selected to correlate viscosity data via kinetic theory, can correlate other independent properties without parameter adjustment. Since most of the sources responsible for the rare gas data report data for nitrogen, one can initially assume that these nitrogen viscosities are probably reliable. We refer specifically to the work of Kestin [2] , Smith [3, 4] , Gracki [5] , and Guevara [6] whose data will form the basis for the nitrogen correlation (see table 1) . ' 2. Unfortunately, the data base for an oxygen correlation cannot be considered salisfactory. Several data sets are in the literature, but viscosities above room temperature are due to Trautz [11] and to Raw and Ellis [12] . Thp . data of TTantz. rp.portp.cl 40 yp.ars ago, havp. to bp. regarded as seriously in error at the higher temperatures [13] and those of reference [12] are not internally consistent [14] . The published data for viscosities below room temperature are mainly due to Johnston {8] and are probably slightly too high. 3 In order to present tabulated viscosities for oxygen which take into account the very probable errors in the data, we have had to make adjustments to the data based on the following observation: Figure 1 shows a curve giving the deviations between recent and corresponding older viscosity coefficients for several gases: argon, helium, methane, nitrogen, and air. The recent work is represented by Smith [3, 4, 15, 16] , Guevara [6] , and Keslin [2] While the older work is represented by 2 Tables have been placed at the end of this paper. n It was noted in I that the work of references [2-6] reRects the significant improvement in the state-of-the-art of viscosity measurement of the last six years or so. In fact, it is commonly accepted that many viscosities published prior to that time are systematically in error outside a temperature range of -250 to -400 K. In particular. at high temperatures, the modem experiments give viscosity coefficients which lend to be higher than their older equivalents; corresponding data differ by 1-10 percent in the range 400 to 2000 K-the difference increasing with temperature. At low temperatures. the discrepancy is not so noticeable but the modern data tend to be generally lower by 112-2 percent-the difference increasing as the temperature decreases. [8, 17] and Trautz [I8] . The curve is smoothed and schematic (see reference [14) for more discussion) but it illustrates that, to a first approximation, the discrepancy between the two representative sets of data does not depend on the gas considered but depends only on the temperature.
to check the correlation procedure than as primary input data.
For the gases of interest here, oxygen a~d nitroger the first remark is directly relevant but the second requires modification: the thermal conductivity .coefficient can be calculated given the viscosity but the relation- 1 . Schematic diagram HJustraling differences between old and recent viscosity data for the gases argon, helium, methane, nitrogen, and air. To a first approximation the difference is independent of the gas, reflected by the fact that a single curve is shown in the figure.
Accordingly, we have adjusted the oxygen viscosity data from references [8] and [II] (see also [18] ) by the . percentage indicated in figure I at the proper temperature. The adjusted data are listed in table 2 and, together with much· more limited results from references [7] and [19] [20] [21] [22] , form the basis for the oxygen correlation.
Thermal Conductivity
Two remarks were made in I concerning thermal conductivity data. The first commented on the experimental problems in measuring the coefficient. Only two apparatuses, the parallel plate and the concentric cylinder devices, seem capable of measuring the thermal conductivity coefficient with high accuracy and only very few authors can claim to have, on experimental grounds, reliable results. Generally, therefore, thermal conductivity valu~~ are illljJrecise. (Very recent advances with a transient hot wire technique [23] indicate that considerable improvements are possible in measuring the conductivity over a wide range of rlemrity anrl temperature.)
The second remark concerned the. simple relationship that exists for monatomic gases between· the viscosityand thermal conductivity coefficients: If reliable viscosity data are available, the thermal conductivity coefficient can generally be predicted to an accuracy better than it can presently be measured. In other words, thermal conductivity results were used in I more ship is more complicated and involves several assumptions which are difficult· to assess. Nevertheless, the overall accuracy of the thermal conductivity data in the literature is such that an empirical correlation of these data would not give tabular values to better than 5-10 percent. In our judgment, a correlation based on calculated values would represent the data to within this accuracy and the value5 would be con:;i5tent with the corresponding viscosity coefficients (to within the theoretical assumptions). Hence, as for the rare gases, thermal conductivity data for nitrogen and oxygen are not used as primary information for the purposes of this paper.
Data from the following sources were selected to compare the calculations with experiment: nitrogen, references [24] [25] [26] [27] ; oxygen, references [24, 35, [38] [39] [40] [41] [42] [43] [44] [45] (table 1) . For a given gas, the data from different sources ogree to within about 5 percent in the tempera.ture [37] may be erroneous at high densities due to convection problems in the measurement. Also the results from references {26] and 127] for gases other than oxygen or nitrogen -specifically for the rare gases from [27] and carbon dioxide from [26] seem reliable. We note, however, that data above 1500 K are very scarce and that none of the' above mentioned references apply to oxygen.
Compilations of references for the transport properties of oxygen and nitrogen, including those not discussed here are given in references [14,46,47, and 
Kinetic Theory Equations
The kinetic theory of dilute monatomic gases leads to expressions for the viscosity and thermal conductivity coefficients which form the basis for a tabulation of value5 provided a suitable intermolecular potential, <1>, is available. The spherically symmetric m- [6] [7] [8] was used in I:
where <l>s(rm) =-E. For later use, we define a distance parameter u by <l>s(u) =0. The potential has four adjustable parameters; m,,')I, E, and Tm (or u).
The kinetic theory of polyatomic gases has been discussed by several authors [49] [50] [51] and formal expressions for the ~ransport coefficients have been presented which correspond to first order Chapman-Enskogsolutions of the Boltzmann equation. Mason and Monchick and their co-workers have discussed these very complex equations in considerable detail [52] [53] [54] [55] and proposed workable and more practical adaptation~. Their equations are the foundation for the correlations presented ·here. Since they are not as familiar as the corresponding equations for the monatomic gases, the necessary approximations are summarized. Two major complications are introduced when kinetic theory is extended to polyatomic gases: a) the molecular collisions are inelastic, b) the intermolecular interactions will be angle dependent, i.e., will depend on the relative orientations of the colliding molecules. 3 . 1 
. In.lftcti~ C~lIici~nc
Consider first. the viscosity. The formal expression for this coefficient, 11, is
where the collision integral is given by (2) . 2T* --
where Aj = f exp (-Ej) dWj, (j= 1, 2). The angular brackets will be explained shortly.
In the above equations, m is the mass of a molecule, k Rolhmann'y, cony,tant and T the temperature in kelvin. We have discussed the reduced quantities in I. Given an energy parameter E and distance parameter u defined by equation (1), g*[= mg/4E] is the reduced relative velocity of molecules 1 and 2 before a collision and g' * ·the reduced relative velocity after a collision, b* is reduced impact parameter [= btu], and T* the re-
The anglc x' is the deflection angle defined by equation (4) of I.
Equation (3) is seen to be similar to the viscosity collision integral for an elastic collision [equation (6) of I] except that the internal energy of the molecules is now included, viz., if Ei is the energy of molecule i due to internal degrees of freedom with coordinates and momema about lhe cemer of mass of molecule i given by Wi, ef=Ei/e and 6eO= ef +E~' -E1-E~=g*2g' *2, where the primes refer to quantities after a collision.
The polyatomic gas viscosity expression is thus formally close to that for the monatomic gas. The corresponding expression for the thermal conductivity coefficient is more involved, however. Not only are the collision integrals more complex, hut internal energy is transferred through the gas by a diffusion mechanism. Further, the formal derivation of the conductivity expression includes a contribution directly proportional to powers of AeO. Experience has shown that this contribution should not be neglected unless 6Eo is very close to zero. Fortunately Monchick and Mason [54, 55] have considerably clarified the formal expression by gathering terms a,nd relati~g the results to macroscopic properties. Specifically the transfer of internal energy is accounted for by an internal diffusion coefficient,
where p is the mass density and (fl(l,l)* (int» is a collision integral similar to, but not the same as, the collision integral for ordinary diffusion. The energy transfer between translational and internal. modes, Aeo~ is expressed in terms of a relaxation time T which turns out to be proportional to (6eo) -2. In turn a collision number,Z, is defined by the relation
where T c is the mean time between collisions. Clearly as AEo ~ 0, Z ~ 00. We refer to reference [55] for the detailed equations for (0(1,1)* (int) and for T. The final equation for the thermal conductivity of a polyatomic gas, A, is
where c~ is the internal specific heat at constant volume and
(in writing these equations, we have assumed that only one internal-translational energy interaction has to be considered; in most cases this would be the rotationtranslation.)
It is important to note that equations (2) and (6) are exact and subject only to the first order solution of the Boltzmann equation [56J. However, approximations are necessary in order to apply them in practice: 1. As Monchick and Mason point out [53, 54] , on the average the term deo vanishes on integration but, in any case, it is nearly always reasonable to assume that de o <E g*2, Hence, the collision integrals (0(2,2)*) for viscosity and thermal conductivity (and (0(1,1)*) for diffusion) approach those derived for elastic collisions, given in I for example. ( We have ignored for the moment, the problems associated with nonspherical interactions.) 2. It is impractical to calculate Dint at this time and several authors have discussed means to write Dint in terms of obtainable quantities. We refer to the paper of Sandler [56] , for example. Thc simplest approach is to set Dint equal to D ll , the coefficient of self-diffusion for elastic collisions. This definitely is an approximation but comparisons of the thermal conductivity coefficient between theory and experiment with more elaborate forms for Dint are inconclusive because experimental thermal conductivity data are too imprecise. Therefore, we will u:::.e Dll f01" Dint. 3 . The equation for A will be truncated to first order in lIZ.
To summarize. the equations for the viscosity and thermal conductivity for a poly atomic gas used in this paper are No.4, 1973 with where (6C* -5)2 /D= 1 + 16A*+40 ' (11) 
The terms A * and C* are combinations of collision inte-
grals:
A* = (0(2.2)*) I ({}h.1)*), (13) C*= (0(1,2)*)/(0(1,1)*) .. (14) In these equations, ({}(l,s)*) , (in generall, s = 1, 2, 3)· are angularly averaged collision integrals. ( We have not been consistent in that the formal equations for polyatomic gases have been presented to the first order Chapman-Enskog solution only b~t the equations (8) and (11) are written to second order. This assumes therefore, that the viscosity and diffusion equations for a polyatomic gas have the same form as the equations for a monatomic gas, at least to a second order approximation. For a monatomic gas, these coeffi-cient~ ~hould be calculated with the second order correction.)
Nonspherical Interactions
The purpose of the bracket notation in equations (8)-(14) is next discussed. Although equations for the transport properties of a polyatomic gas are known, they 3triCtly cannot be u3ed unless provision is made for nonspherical interactions. In other words, when two nonspherical molecules collide the intermolecular force is dependent on the relative orientation -and under these circumstances the dynamics of a binary collision become extremely complex and effectively unsolvable. Mason, et a1. have, however, proposed a ~lntighlfulwald alt~nlalivt: [57] . If the relative orientation of of two molecules during the collision is considered fixed, then it can be shown without approximation that the collision integrals become the weighted average. of the collision integrals evaluated at a fixed orientation. Specifically, writing ~ (8J, 82 , ~, r) as the interaction potential for two axially symmetric nonspherical molecules with orientation angles 81. 82 . and <p, defined in the standard way 158], giving equal weight to all possible fixed orientations. the collision integral becomes 1171 JI It Tlll'rl'i'of'(', we have two extra assumptions to add to t hose ill S(~I'I ion 3.1: (a) that the molecules collide with fixed orientations and (b) that all orientations are equally probable. Beyond stating that these assumptions seem reasonable, it is not clear what degree of approximation they introduce into a numerical calculation of a transport property.
On the basis of these arguments, equations {8) and (10) for the viscosity and thermal conductivity coefficients respectively can be the foundation for tabular values given a suitable potential function. At this stage, however, we should point out that it has been shown [59] that the m-6-8 spherical potential of equation (1) can correlate the viscosity and thermal conductivity coefficients of oxygen and nitrogen to within experimental error. This implies that the angularly averaged collision integrals of equation (15) cannot be much different from the angle independent integrals, and that the m-6-8 potential parameters, selected on the basis that the intermolecular interactions are. spherically symmetric, take into account some 'of the nonspherical characteristics. A similar conclusion would follow if any sufficiently flexible model potential were used. A correlation could be achieved, therefore, without having to compute angle averaged collision integrals. In I, however, it was stressed that the calculations of the viscosity and thermal conductivity coefficients for the monatomic gases were not only mutually consistent but were also consistent with independent properties such as the second virial coefficient. This overall consistency allowed one to minimize the possibility of serious systematic errors in the transport calculations and to have confidence in extrapolating the calculations outside the range of data. One cannot obtain this overall consistent picture for polyatomic gases using aspherical potential. A more sophisticated approach, which does not require angle averaged collision integrals, is to comdclp.r non"php.rical contrihlltions to the potential, but then assume that they do not playa role in the collision jntegrals and obtain. effective spherical potential parameters from a viscosity fit. The complete potential, with these parameters, can then be used to calculate those properties for which nonspherical contributions definitely have to be considered, the second virial coefficient in particular. This procedure hus been quite successful [60] , but is not sufficient to give a consistent representation of several independent properties of the polyatomic gas. We thought it worthwhile, therefore, to calculate the viscosity and thermal conductivity coefficients as precisely as is practical at this time bearing in mind that a representation of the transport cudIideIlL~ Lu wilhhl expeJimeuLi:t.1 enur i:s n~4ujred.
Calculations
Details of the calculation procedure are discussed in this section.
The Potential Function
Following our arguments in the previous section, the calculations are based on a model nonspherical poten-tial. In general for polarizable, quadrupolar molecules such as nitrogen and oxygen, the potential will have the form:
The first term is the spherical contribution -to be represented by the m-6-8 in our case -the second term represents the electrostatic interactions of the permanent multipole moments (quadrupoles) and the third term represents the induced-dipole interactions caused by the induction effect of the quadrupole moments. Finally, the last two terms depict the anisotropy in the repulsive and attractive forces, respectively. However, we have chosen to neglect these latter two contributions [60, 61] in our previous work for the following reasons: (1) it is currently impossible to determine independently the parameters for the shape part of the potential and (2) the spherical m-6-8 potential yields a very reasonable representation of experimental transport properties [59] and presumably, therefore, anisotropy is at least partially accounted for in the selection of spherical potential parameters, viz., m, ,}" CT, and e/ k.
The potential, therefore, is given by the formal expression [62] :
(16) where (17) In equation (16), <l>s{r) is the spherical m-6-8 given by equation (1). In equation (17), W1 and W2 denote the sets of angles describing the orientations of the molecules and T, U, and V are the two-dimensional supermatrices [62, 73] (IS) 0: is a matrix whose components are the molecular polarizability tensors and Q is a supervector whose elements are the molecular quadrupole moment tensors of the different molecules. The elements of these tensors for axial molecules are where a is the mean molecular polarizability, 8 is the scalar quadrupole moment, K is the polarizability anisotropy and q is the unit vector along the molecular axis.
It is more convenient to rewrite the nonspherical con, tributions in terms of the relative orientation angles of the molecular pairs; 91, 9 2 , cp [see reference 58] . Then one has
The reduced quantities have been introduced: <P~ = tPr/e, e*2=8 2 /(eu 5 ), and a*=a/~3, where E and u are the energy and distance parameters for the spherical m-6-8. The second term of equation (19) represents the quadrupole-quadrupole contribution while the third term represents the first term of the induction contribution from equation (17) neglecting the polarizability anisotropy. We presently feel that it is not necessary to take this contribution "to. higher order for the transport properties [calculations of the virial coefficients should include terms up to third order in ( 
Parameter Selection
The full potential of equation (19) is considered to have four parameters only, all in the <P8 term. The other variables-the quadrupole moment. and polarizabilityare not treated as parameters and were obtained from independent sources, as listed in table 3 . The m-6-8 parameters for a given gas were determined by the following procedure: 1. Given the spherical collision integrals for the m-6-8 potential [68] , initial estimates of m, /" u, and E/ k were obtained by requiring that the first approximation viscosity equation [with jTl = 1 of equation (8) ] fit the selected viscosity data over the complete temperature range of interest. Details are given in I and in reference [59] . It should be recalled that this criterion, i.e., requiring. the potential to correlate viscosity data over a wide temperature range, is restrictive and can only be achieved with a flexible potential. 2. The value of m so obtained was then considered fixed.
Al}gle averaged collision integrals were then generated from the" potential of equation (19) for several values of /' given values of the quadrupole moment, polarizability and the initial estimates of (T and E/ k. The calculation procedure is discussed in the Appendix. 3 . A value of/' was selected from a further viscosity fit using the angle averaged collision integrals. This fit also led to closer estimates of u and E/ k. 4 . Having m and /" final values of u and Elk were obtained by fitting the second order viscosity equation to the data. The parameters are summarized in table 3. 5 . Tables of < .0 0 ;8)*) were thus generated for each gas and are listed in the Appendix. 4 
.2. Estimation of Z and c~ Determination of Z
Several experimental studies on the rotational collision number have been published [68] [69] [70] [71] ; we refer to figures 2 and 3 of reference (701 for a summary. The variation of Z with temperature for nitrogen and oxygen is shown as figure 2 here. The curves indicate the mean ,of the data at a given tpmperature (the experimental uncertainty in Z is about fifty percent). For our calculations, the curves were represented by a table of Z versus temperature and specific values of Z at a given temperature were found by interpolation. For convenience, Z above 1000 K was set at 9.5 and 7.5 for nitrogen and oxygen respectively, and we set Z = 0 at 0 K for inter-polation purposes. It is appreciated that the estimation of Z is very approximate but the experimental data do not warrant a more sophisticated approach.
Determination of c~
The total specific heat at constant volume, Cv, has been precisely determined for nitrogen [72] and oxygen [731. The internal specific heat, c~ follows at once.
Results and Discussion
Tables for the viscosity and thermal conductivity coefficients for nitrogen and oxygen were· genen:lleu from equations (8) and (10) as a function of temperature and the results are presented as tables 4 and 5. [7] , triangle [8] , square [11, 12, 18] , filled square 120-221. filled (·'wlt· 17 ' 11 Note, the data of reference {S] have been adjusted at low temperat ores. TIH' data "f p·I.·,· ences [11, 12, 18] 
Figures 3 and 4 show deviations between experimental viscosity coefficients and the tabulated values.
Bearing in mind that much of the viscosity data for oxygen has been adjusted, the curves are satisfactory and indicate a proper correlation has been achieved. One does observe, however, the difference between the data of Guevara [6] and that of Smith [4] for nitrogen. A similar discrepancy was discussed for the rare gases in I but could only be partially resolved. Here, as well, we cannot recommend one set over the other. One also observes that the low temperature nitrogen data of Johnston [8, 9] tends to be high with respect to the correlation and to other equivalent data. We have, however, already remarked (section 2) that these data may be slightly in error.
' Figures 5 and 6 illustrate the deviations between tabulated and experimental thermal conductivity coefficients. A first inspection of the figures indicates the correlations are only partially successful because there seems to be systematic differences between theory and 6 . Deviations between experimental thermal conductivity coefficients and calculated values for oxygen.
~.ApClil1U~lll aho'ie aLout 600 K. IIowevel-, :since 1) thcIC are serious difficulties in measuring the thermal con· ductivity coefficient, 2) the preferred data for nitrogen (references (25] , [27] , [29] , [30] , and [37] ) are fitted to within four percent, and 3) the approximations made in the kinetic theory formulation become more realistic as the temperature increases -~E <t kT, Z increases with temperature, and the angularly dependent terms of the potential function have a decreasing effect 01) the collision integrals as the temperature increases (see the Appendix)-one can suspect that uncertainty in the data are· primarily responsible for the large and sometimes systematic deviations in the figures. Clearly, however, the correlation could stand improvement and further reliable data are needed.
Reliability Assessment
In I, the reliability of the tables for the rare gases was assessed from two viewpoints: an experimental viewpoint in which the correlation· was compared to the results from different authors and, especially, to the results from different techniques, and a semi-theoretical viewpoint involving the potential function. It was shown that the model potential suitable for the correlation of the viscosity coefficient could be used to satisfactorily cC}Jlt:l:\enl the independent }Jroperties, the self-diffusion coefficient, the isotopic thermal diffusion factor, and the second virial coefficient.
It is at once apparent that the uncertainty assessment of the tables for the polyatomic gases nitrogen and oxygen cannot be so dear-cut. We will, however, follow the line of arguments adopted for the rare gases.
Experimental
The present correlations are based on viscosity data. For oxygen, the data have heen adjusted so that a discussion of experimental errors cannot be too significant.
It is encouraging to note, however, that the very recent data of Haynes [74) are within about 1112 percent of the adjusted dntn nt low tcmpcrnturcs. Since we do not think our adjusted values up to 400 K are in error by more than ± 2 percent, an uncertainty assessment of ± 2 percent to 400 K appears reasonable. Above that temperature the uncertainty assessment is increased to ± 4 percent. For nitrogen, the correJatiorl is based on viscosities selected from those selected data sources that have reported data for thp. rarp. gasp.!/, and WP. havp rliS~llsspd and compared these measurements in 1. Practically the same conclusions follow for nitrogen, viz., (a) that selected data from several different procedures -the oscillating disc, and the capillary flow, in particularand from several different sources, agree to within one percent in the range --100 to 1000 K (see figure 3 ). Accordingly, we assign an error in the nitrogen viscosity tabulation of ± 1 percent in that temperature range. (b) Based on the disagreement between results of Smith and of Guevara at high temperatures, the error is expanded to ±2 percent above 1000 K. (c) Because the data an:: 5ulIlcwhal :su:spe.;l at vt:ay low lemperatures, we also set the error at ±2 percent below 100 K.
The deviation patterns of figures 5 and 6 reflect the uncertainty in: the thermal conductivity data. Reliable data are essentially restricted to a room temperature range, and data are sparse above 1500 K for nitrogen and apparently nonexistant for oxygen above this temperature.
Semi-Theoretical
We consider how well the nonspherical potential can represent two properties, the isotopic thermal diffusion factor (no) and the second virial coefficient (B) given the parameters of the viscosity correlations. Self-diffusion data for nitrogen and oxygen are not suitable for consideration.
Thermal Diffusion Factor
The expression for the isotopic thermal diffusion factor has been defined for a monatomic ~as [1] :
where (23) and I) is a correction term written out in I. A * and C * have been defined by equations (15) and (14) 
The Second Virjal Coefficient
Comparisons between calculated and experimental virial coefficients provide a good test of the potentialand hence of the transport property correlationsbecause the exact expression for the second viTia1 coefficient of a quadrupolar gas has been published by McQuarrie and Levine {62] (see also (58] ), and its numerical evaluation is relatively straightforward.
Given the expansion p';okT= 1+ B(T)p' + . (24) J. Phys where p is the pressure, No Avogadro's number, and p' the molar density, we have shown [60, 61] that the second virial coefficient for the potential" of equation (24) (25) for oxygen 745 complex. The remammg differences between experi· ment and theory are most probably due to the neglect of anisotropy in the potential. Preliminary calculations have indicated that anisotropy has a small effect on the collision integrals but would increase the calculated second virial by about three percent at the low temperatures {i.e., would improve the representation of experi· ment). (One can also argue that the assumption that molecules have a fixed relative orientation before col· lision could be partially resp'onsible for the remaining disagreement in the figure, but this cannot be checked at this time.) A figure for oxygen, similar to figure 11, was constructed, but the nonspherical contributions to the second virial coefficient are small for this gas, so the differences between the virial calculation procedures 8 The circles are the deviations obtained here using a nonspherical potential and angle averaged collision integrals (as in figure 9 ). Curve 1 displays the deviations that are obtained assuming the potential is symmetric. Curve 2 gives the deviations observed [60] if a nonspherical potential is used to calculate B(T) but if the parameters are selected for a viscosity correlation with angle independent collision integrals.
are not very noticeable. The trend, however, is the same as it is for nitrogen.
Clearly, the application of kinetic theory to nitrogen and oxygen does not allow as definite conclusions as we are able to state for the rare gases P), but further refinements in the procedure would require very complicated calculations which are not justified by the precision or range of the transport data presently available. Therefore, our conclusions from figures 3-11 are that the calculation procedure adopted is justified, that the representations of the viscosity and thermal conductivity coefficients are mutually consistent for each gas, that the transport properties are consistent with equilibrium properties via the second viria] coefficient, and that the error limits reported in the first part of this section are realistic.
Extrapo"ation of the lab\es
We remarked in I that the extrapolation of the rare gas tables was limited by the potential. At very high or at very low temperatures the m-6-8 model is not sufficiently realistic to allow the tables to be used beyond about 4000 K or below the triple point temperature. The same comment applies in this work only in that extrap-' olations at high temperatures one must consider that nitrogen and oxygen will dissociate. Further, because (a) thp. high temperature oxygen data were adjusted. and (b) high temperature thermal conductivity data for both gases are very uncertain, and scarce, we do not recommend that these tables be extrapolated much beyond 2000 K. J . Phys 
Conclusion
Tables of the dilute gas viscosity and thermal conductivity coefficients for nitrogen and oxygen have been generated from an m-6-8 potential with nonsphericaI terms included. The nonspheric~l contributions did not involve use of extra parameters. 0" the basis of an analysis of the input data, and from the results observed when the potential found suitable for a correlation of the transport properties was inserted into the statistical mechanical equation for the second virial coefficient, . we assess the following uncertainties on the tabulated values: viscosity: oxygen ± 2 percent to 400 K, ±1· percent for temperatures greater than 11.00 K; for nitrogen, ± 1 percent in the range 100-1000 K, ±2 percent for temperatures below 100 K, and above 1000 K. Thermal conductivity, ±3 percent below 400 K and ± 5 percent above 400 K for both gases.
The paper summarizes the assumptions required in the kinetic theory of dilute polyatomic molecules and pointe out scvcral gaps in thc data covcrage for oxygen.
It was also noted that most of the data for the thermal conductivity coefficient for both nitrogen and oxygen seem unreliable outside the range of about 150 to 600 K.
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Appendix
The evaluation of the angle averaged collision integrals is a straight forward task under the assumptions of section 3.1. Briefly, if it is assumed that the relative orientation of the colliding pair of molecules doesn't change during the collision and that there are no inelastic effects, we must evaluate the triple irItegral:
where 01", O2 , and cp are the angles appearing in equations (20) and (21). We first write this triple integral as a numerical quadrature, viz. where the W (1,I3'S are the appropriate weight factors for the quadrature and Wijk denotes the set of three angles describing the relative orientation, (e lj , 02j, <Pk). We next evaluate the collision integrals at a fixed orientation 0(1,8*) (T*, Wijk), by the method of O'Hara and Smith {79] [the same method as was used for the spherical m-6-8 collision integrals in J] with the appropriate modifications for non-sphericity in the intermoJecular potential.
This method of evaluating the angle-averaged (:oJlision integrals differs slightly from that used by Smith, et a1.,
[80] who (1) employed an interpolation technique to obtain the O(l,s)* (T*, Wijk) from a table rather than a direct calculation and (2) incorporated a slightly different . (we believe less accurate) version of the O'Hara and Smith program.
Tables of collision integrals used in this research are given as tables 6 and 7. The accuracy of our calculations was checked by means of comparison with previous results [801 and by examining the finite differences obtained from the final (O(l,s)* (T*)) vs T* tables. Overall, the accuracy of these collision is believed to be no worse than 0.1 percent which should be more than adequate for most applications.
As a matter of interest, we include figure 12 which gives a percentage difference plot between angularly averaged -and equivalent angular independent collision integrals versus temperature. For comparison, <1>8 was selected to be the Lennard-Jones (12-6) potential. The solid curve shows the percentage difference found by using equation (19) with a * = 0 and 8* = 1, and the dashed curve shows the corresponding differences for a*= 0.05 and 8*= 1. Since most reduced quadrupole moments are approximately 0.3 -0.6, these results can be considered to be extreme cases. It is observed, however, -that the primary effect of the nonspherical terms is to increase the collision integrals at a given T* with the maximum effect being around T*= 2 and decreasing rapidly with increasing temperature. The addition of an induced-dipole term in the potential makes a small but significant contribution. This term has not been considered previously. TABLE 
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